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INTRODUCTION
Recent animal welfare legislation within the European Union
(European Council Directive 2008/119/EC) has brought
about large changes to the cattle management system, with
far-reaching implications for the farming economy in some
areas1. Animal welfare data on minor local breeds, reared not
only for meat or milk production, is useful for informing
practices and policies for maintaining biodiversity in the li-
vestock system. In the Western Alps, the Valdostana chestnut
and black-spotted cow breeds are kept especially for their
tendency to fight2. Exploiting these breeds’ natural propen-
sity to fight, the farmers of the Valle d’Aosta (Italy) partici-
pate in the annual “Batailles de Reines” event, in which the
cows ‘fight’ to become the ‘Queen cow’ of the year. The most
important features besides milk and meat production that
increase the economic value of these breeds are tempera-
ment and combativeness. According to their traditional hou-
sing system, producers raise the calves in tie-stalls during the
winter period and on mountain pastures during the sum-
mer3. However, recent animal welfare legislation has posed
certain limitations on the management practices of the Valle
d’Aosta breeders. According to EEC Directive 91/629 (revi-
sed by 2008/119/EC) on the welfare of calves aged 2 to 6
months, tie-stalling practices do not comply with the mini-
mum standards for animal protection.
Calves benefit from an environment that meets their needs.
Measuring behavioural and physiological changes in a
calf ’s state of well-being is an integral part of evaluating
their stress conditions4. Animals respond to stressors th-
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SUMMARY
Introduction - European animal welfare legislation (2008/119/EC) poses limitations on the current management practices of
Valle d’Aosta breeders. 
Aim - The haematological profiles, salivary cortisol concentrations, and behavioural responses of Valdostana calves housed in
either tie-stalls (TS) or multiple pens (MP) were evaluated in relation to the age at enclosure: very young calves (VYC 7-39
days) or young calves (YC 40-80 days). 
Materials and methods - Twenty-nine calves were divided into two age groups: VYC (12 females and two males) and YC (13
females and two males). Blood and saliva samples were collected at baseline, at 20 (T1) and at 40 days (T2) after enclosure in
one of the two housing systems. Behaviour was analyzed by direct closed-circuit TV recording. 
Results - Salivary cortisol levels measured at 40 days were significantly higher in the VYC housed in TS than those housed in
MP (P<0.01). Differences in haematological profiles were observed only in the animals that had entered indoor housing (TS
or MP) at age > 40 days. The VYC housed in TS spent more time in vigilant resting, tended to spend less time sleeping, and
exhibited significantly more ruminant activity.
Discussion - The type of enclosure for housing calves can affect haematological profiles, cortisol concentrations, and beha-
viours. A multidisciplinary approach is more effective for evaluating animal welfare than assessment investigating a single
parameter.
Conclusion - In this study, the hypothesis that MP housing could create stressful conditions in a breed selected for fighting
behaviour was not confirmed by our data. The socioeconomic implications of different housing systems need to be studied in
geographical areas with natural constraints, such as mountainous regions where local breeds are frequently reared. Animal wel-
fare data on minor local breeds can be useful for informing practices and policies for maintaining biodiversity and breeding of
local breeds.
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rough a variety of mechanisms. An integrated approach to
obtaining scientific and objective animal welfare data will
assess anomalous behaviours5, cortisol concentrations6, and
physiological variables7, including the haematological pro-
file (especially anaemia-related variables and the neu-
trophil:lymphocyte [N:L] ratio). Changes in the N:L ratio
in response to stress occur more slowly than increases in
circulating cortisol concentration8. Moreover, the locomo-
tion allowed by group housing has been shown to stimula-
te erythropoiesis9,10.
Cortisol, a marker of hypothalamic-pituitary-adrenal axis
activity, is associated with stress regulation and used as an
indicator of an animal’s well-being11. Cortisol is released in
response to stress, excitement and exercise11,12. Saliva cortisol
determination is a simple, non-invasive method to measure
a direct reflection of the free fraction of this hormone in the
blood. Saco et al. (2008) reported that the marked variability
in serum cortisol concentration due to physical restraint du-
ring blood collection could render it a misleading indicator
in stress evaluation13. Negrão et al. (2004) suggested that sa-
livary sampling could be a reliable option when studying
cortisol responses to normal physiological events14.
The imposition of unnatural physical or social configura-
tions for animals can impinge on their welfare and
profoundly affect their behaviour and physiology11,15. The
Valdostana breed is selected for its fighting behaviours. This
criterion of selection contrasts with the criteria used for
other cattle breeds. The hypothesis of the present study was
that multiple-pen housing could lead more stressful condi-
tions in some breeds selected for their fighting behaviours.
The aim of the study was to assess the effect of two different
types of enclosure (tie-stalls vs. multiple pen) based on indi-
cators of welfare (haematological profile, cortisol concentra-
tions, and behaviours) in Valdostana calves at different age
levels (very young calves [VYC] 7-39 days old and young cal-
ves [YC] 40-80 days old).
MATERIAL AND METHODS
All procedures were conducted according to EU Commis-
sion Recommendations (EU Commission, 2007) on the gui-
delines for the accommodation and care of animals used for
scientific purposes. For the purposes of this study, the use of
tie-stalls was approved by special authorisation from the lo-
cal veterinary health service (before that derogation to Euro-
pean Council Directive 2008/119/EC coming into effect).
Pre-experimental conditions 
and animals
The study was conducted in a mountainous region in the
north of Italy (Valle d’Aosta) from February to May 2010.
Twenty-nine Valdostana breed calves were enrolled. Since
breeders prefer to keep females for competing them in the
annual “Batailles de Reines” event, 25 female and only 4 ma-
le calves were selected for the study. Calves were selected
from four farms affiliated with the National Association of
Aosta Valley Cattle Breeders (ANABoRaVa) that provides
farmers with standardized guidelines on calf housing and
management. The Association is recognised and regulated by
the Italian Ministry of Agriculture, Food and Forestry. All
subjects were separated from their mothers within one day of
birth and they were transferred to the research facilities the
same day. In the research facilities, they spent a week of adap-
tation period to their new environment. Because the delivery
date was not the same for all calves, the age between calves
was different. The health status was assessed by veterinarians
and all calves were declared clinically healthy before entering
the study. To create two fairly homogeneous age groups, the
sample was divided into very young calves ([VYC] 12 fema-
les and 2 males, age range 7-39 days, median 15) and young
calves ([YC] 13 females and 2 males, age range 40-80 days,
median 50).
Housing environment
From the first day of the adaptation period through to the
end of the study, all calves were allocated to the experimen-
tal housing conditions and randomly assigned to either tie-
stall ([TS] n = 13) or multiple pen ([MP] n = 16) housing
conditions. The TS housing conditions reflect the traditio-
nal Valdostana breed management while MP reflect the le-
gislative requirement for calves management. The calves
housed in the two MPs were subdivided by age: one MP
contained six (5 females and 1 male) VYC calves and the
other one contained ten (9 females and 1 male) YC calves.
In each MP, the available surface area was double that re-
commended by EC Directive 2008/119/EC (3.4 m2 per
calf). The pens were constructed of galvanised steel rail pa-
nels with a concrete floor covered with straw. Located adja-
cent to the pens were the stalls to allow the visual contact
between the groups. Similarly, the calves housed in the stal-
ls were subdivided by age: the VYC group was composed of
eight animals (7 females and 1 male) and the YC group of
five animals (4 females and 1 male). All wore a collar and
were tethered with a double rope. The stalls measured 110
x 80 cm. Each stall had an elevated wooden grid on the con-
crete floor and was covered with straw. Feed mangers were
placed in front of the stalls and along two sides of the pens.
The pens and stalls were cleaned every morning immedia-
tely after feeding, and clean straw was added to provide soft
bedding. Temperature and humidity were monitored con-
tinuously (mean temperature 20 °C, range 16-25 °C, 55%
humidity, range 50-65%).
Feeding plan and management
The feeding plan was the same for all animals; it began at the
start of the adaptation period and was calculated according
to age. The VYC were fed by milk replacers (hay was availa-
ble) and the YC were weaned. The feed amount was calcula-
ted based on calf nutrient requirements established by the
National Research Council16. Feed was served twice (7:00 and
17:00) daily by the same two operators. Starting from 10 days
of age, the quantity of milk replacer (23% protein, 19% fat,
6.5% ash; dry matter basis; dilution 1:10) was gradually de-
creased from 7 to 3 litres, and the amount of calf concentra-
te (20% protein, 3.2% fat, 8.6% fibre, 7.4% ash; dry matter
basis) was increased. Milk replacers were offered in a calf
bucket with a nipple and concentrate was offered in feed
mangers. The calves were weaned at age 40 days, when they
consumed at least 800 g of concentrate/day. Most calves will
have sufficient rumen development to be weaned by about 4
weeks of age16. Hay and water were offered in separate
buckets by the farmer. Weaned calves were fed with concen-
trate (the same used for weaning) and hay (ad libitum).
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Behavioural observations
Behaviour was recorded by CCTV (Sony Hc 30e and Canon
mv 550i video cameras). Each camera was positioned to re-
cord the entire pen and 4 to 5 calves in the stalls over 8-
hour periods from 10:00 to 18:00. Only the recordings
between 12:00 and 16:00 were used in the behavioural
analysis to avoid potential confounding behaviours at
mealtime. The video recordings were then converted into a
form suitable for viewing on a computer screen and analy-
sed at real speed by two separate examiners to identify
behavioural variables for each animal. Animals were video-
recorded and observed at the beginning of the study pe-
riod, i.e., the week after arrival at the research facility (ba-
seline, T0), 20 days after (T1), and 40 days after (T2). Beha-
viours were classified as postures and activities (Table 1), as
described elsewhere17-20, and summarized for the three time
points (Tables 5, 6, 7).
Blood and saliva sample collection
Blood and saliva samples were collected at T0, T1, and T2.
Saliva samples were collected using cotton wool buds tightly
wound around a pair of thin surgical staple pliers14. Calves
were induced to suck the cotton buds for 3 minutes. The sa-
liva was then pressed out of the cotton bud using a 10 mL
syringe, yielding 2 to 5 mL of saliva delete per calf, imme-
diately refrigerated in ice, and stored at -20 °C within 2
hours of collection. Blood samples (10 mL) were collected
into EDTA tubes by left jugular vein puncture, immediately
refrigerated in a cool bag, and brought to the lab within 2
hours for analysis of haematological profiles. Blood and sa-
liva samples were collected in the same sequence (first sali-
va, then blood) in the morning (between 9:00 and 11:00) of
the day after the behavioural observations. Blood samples to
determine haematological profile were analysed using AD-
VIA 120 Hematology System (Siemens Healthcare GmbH,
Germany) for erythrocytes (RBC x 106/mm3), haemoglobin
(Hb g/dL), packed cell volume (PCV %), mean corpuscular
haemoglobin concentration (MCHC %), mean corpuscular
haemoglobin (MCH pg), mean corpuscular volume (MCV
fl), neutrophils (103/mm3), and lymphocytes (103/mm3).
Cortisol was analysed using a competitive immunoassay kit
specifically designed for the quantitative in vitro measure-
ment of salivary cortisol concentrations (SalimetricsTM Sali-
vary Cortisol ELISA Kit, Salimetrics, Carlsbad, CA, USA) as
described in Tarantola et al. (2016)21. Analyses were perfor-
med in triplicate and the results were expressed in µg/dL of
saliva. The intra- and inter-assay coefficient of variation was
3.45% and 6.4%, respectively, and the minimal detectable
concentration of cortisol was 0.003 µg/dL. The standard
curve had a detectable range of 0.012-3.000 µg/dL. In brief,
a microtitre plate is coated with anti-cortisol monoclonal
antibodies. The cortisol within the saliva samples competes
with the cortisol-linked peroxidase for the antibody binding
sites. After incubation, unbound components are washed
away and bound cortisol peroxidase is measured by the
reaction of the peroxidase enzyme with the substrate tetra-
methylbenzidine (TMB), producing a blue colour. A yellow
colour is formed after stopping the reaction with sulphuric
acid, and the optical density of the product was read using a
standard plate reader at 450 nm. The amount of cortisol-pe-
roxidase detected is inversely proportional to the amount of
cortisol present.
Table 1 - Description of postures and activities during observations (ethogram only includes behaviour that could be performed by both MP
and TS calves).
Behaviour Description
Posture Sternal decubitus % of time spent in sternal position
Lateral decubitus (DL) % of time spent in lateral position with legs extended
Total decubitus (TD) % of time spent lying down with the body in contact with the ground
Standing (ST) % of time standing with all hooves in contact with the ground
Vigilant resting (VR) % of time in decubitus with head lifted up and supported by the neck
Sleeping (S) % of time in decubitus with the head not supported by the neck
Lying down (LD) moving from the standing position to the decubitus position (n° of times)
Activity Ruminating (R) % of time spent chewing cud in any position
Feed intake (FI) % of time spent eating feed at the feeding trough
Urination (U) (n° of times)
Bar biting (BB) chewing any equipment for more than 5 s (n° of times)
Bar licking (BL) bar licking for at least 5 s (n° of times)
Rubbing head (RH) rubbing the head against the stall structures (n° of times)
Allogrooming (ALL) licking another calf (n° of times)
Self grooming (SG) licking own body (n° of times)
Social sniffing (SS) sniffing another calf (n° of times)
Bedding sniffing (BDS) sniffing the bedding (n° of times)
Bar sniffing (BRS) sniffing any equipment in the stall for more than 5 s (n° of times)
Tongue playing (TP) twisting the tongue either inside or outside the open mouth for at least 5 s (n° of times)
Tongue rolling (TR) rolling the tongue either inside or outside the open mouth for at least 5 seconds (n° of times)
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Statistical analysis
Statistical analyses were performed using GraphPad Prism
4.0 software (GraphPad Software, San Diego, CA, USA).
Prior to performing statistical tests, the data were tested for
normality using the Shapiro-Wilk test. Normally distributed
data were tested using two-tailed unpaired t-tests with Bon-
ferroni correction after checking the homogeneity of the va-
riances. The effects of the two housing systems (TS vs. MP)
on the haematological profile, cortisol concentrations, and
behavioural variables in each age group (VYC and YC) were
evaluated at three time points. Non-normally distributed da-
ta were analysed using the Wilcoxon-Mann-Whitney rank-
sum test. Results are expressed as means and standard devia-
tions for normally distributed variables, and as medians plus
25th and 75th percentiles for the non-normally distributed va-
riables. Means were considered statistically significantly dif-
ferent at a probability level of P<0.05.
RESULTS
Haematological profile
All recorded values were within the normal range for healthy
calves at each sampling time. The effects of the two housing
systems differed depending on the age at which the animals
were initially housed. Haematological profiles differed only in
the YC according to housing system between T1 and T2, and
at T0 (Table 2), whereas no differences in haematological pro-
files in the VYC were observed between the two housing sy-
stems (Table 3). MCV (P<0.01) and MCH (P<0.01) differed
significantly in the MP- and the TS-housed VYC at T1. This
may have been due to the different initial states of the animals
on arrival at the research facility (T0), though the baseline va-
lues fell within the normal range. Notable differences were
found in the animals enclosed at ages older than 40 days (YC)
(Table 2): both PCV and Hb were lower in the TS-housed
groups (P<0.01 and P = 0.03, respectively). These differences
persisted at 20 days (T1) and at 40 days (T2) and they were
already identifiable at T0, even if not statistically significant.
Significant differences between housing systems were also
evident at 40 days: MCV was lower (P = 0.03) and MCHC
was higher (P<0.01) in the TS-housed calves. The statistical
differences in neutrophil and white blood cell count and N:L
ratio, measured at T0 and T1, between the calves housed in
pens and those housed in stalls reflected the differences in the
initial conditions of the animals on arrival from different
farms and were not related to the housing conditions.
Salivary cortisol concentrations
The salivary cortisol concentration measured at 40 days (T2)
was significantly higher in the VYC housed in TS than in tho-
se housed in MP (P<0.01). No statistically significant differen-
ces in salivary cortisol concentrations were observed between
the YC housed in MP and those housed in TS (Table 4).
Behaviour
Video analysis of postural behaviours at T2 showed statisti-
cally significant differences in time spent in vigilant resting
between the calves housed in pens and those housed in stal-
ls. The percentage of time the MP-housed VYC spent in vigi-
Table 2 - Effect of enclosure type on haematological profile in young calves (YC) (n = 15) at three different time points (means ± stan-
dard deviations).
Normal Range* T0 ±SD P T1 ±SD P T2 ±SD P
RBC 106/µL 4.9-7.5
TS 6.77 1.24
ns
6.21 0.85
<0.01
6.54 0.54
nsMP 7.52 0.63 7.45 0.73 7.04 1.53
PCV % 24-46
TS 27.96 5.88
ns
24.84 3.94
<0.01
26.04 2.78
<0.01MP 31.21 3.50 30.85 3.64 30.17 2.34
WBC 103/µL 5.1-13.3
TS 9.02 1.27
0.02
9.00 2.19
ns
7.32 2.28
nsMP 7.20 1.23 7.42 0.99 7.04 1.53
Hb g/dl 8.4-12.0
TS 9.34 2.01
ns
8.74 1.55
0.03
8.94 1.09
0.03MP 10.43 1.15 10.52 1.29 10.13 0.81
MCV fL 36-50
TS 41.13 2.18
ns
39.91 1.65
ns
39.79 1.59
0.03MP 41.45 1.33 41.35 1.52 41.36 0.94
MCH pg 14-19
TS 13.72 0.78
ns
14.03 0.96
ns
13.65 0.74
nsMP 13.85 0.42 14.09 0.56 13.89 0.35
MCHC g/dl 38-43
TS 33.36 0.29
ns
35.16 2.00
ns
34.29 0.57
<0.01MP 33.42 0.13 34.09 0.60 33.57 0.28
NEU 103/µL 1.7-6.0
TS 4.67 1.80
0.02
4.51 1.66
0.03
2.19 0.75
nsMP 2.83 0.84 2.62 1.24 2.63 1.33
LYMP 103/µL 1.8-8.1
TS 3.51 1.09
ns
3.95 0.72
ns
4.46 2.04
nsMP 3.76 0.60 4.47 1.18 2.03 0.88
N/L 0.5
TS 1.57 0.99
0.03
1.15 0.41
ns
0.55 0.21
nsMP 0.77 0.25 0.70 0.63 0.69 0.36
MP = multiple pens; TS = tie stalls.
T0 = baseline sample; T1 = after 20 days; T2 = after 40 days.
RBC = red blood cells, PCV = packed cell volume, WBC = white blood cells, Hb = haemoglobin, MCV = mean corpuscular volume, MCH = mean corpuscu-
lar haemoglobin, MCHC = mean corpuscular haemoglobin concentration, NEU = neutrophils, LYMP = lymphocytes, N/L = neutrophil to lymphocyte ratio.
ns = not significant (P > 0.05).
*Normal Range from Weiss D.J., Wardrop K.J. (2010) Schalm’s Veterinary Hematology. 6th ed. Ames, IA: Wiley-Blackwell Publishing.
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VYC = very young calves; YC = young calves; TS = tie stall; MP = multiple
pen.
A,B Means with different superscript letters identify statistical differences
between rows (groups of enclosure - MP vs TS), P<0.05.
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lant resting was significantly less (P = 0.02), whereas it was
higher in the MP-housed YC (P = 0.001). The VYC housed in
stalls spent more time in ruminating activities (P = 0.02) and
less time self-grooming (P = 0.008) and bedding sniffing (P
= 0.008) than the VYC housed in pens. The YC housed in
pens exhibited significantly more head rubbing activity (P =
0.03) and feed-intake behaviours (P = 0.02) than those hou-
sed in stalls (Table 7). No fighting behaviours were observed
in either the YC or the VYC housed in pens.
DISCUSSION
The study of the effect of different farming systems on physio-
logical and behavioural changes in animals can help to assess
their state of well-being and the onset of stressful conditions4
in other minor breeds, like Valdostana, which are reared not
only for milk and meat production. Animal welfare legislation
has posed limitations on the current management of Valle
d’Aosta breeds, which is based on extensive mountain grazing
from spring through to autumn and the use of tie-stalls during
the winter, when the calves are born. Selection for fighting and
dominance in the Valdostana breed can lead to differences in
dominance and aggressiveness22 as well as in their physiologi-
cal responses to environmental factors, such as the system em-
ployed to house them. Many breeders feel that the multiple-
pen housing system is not particularly suited to the Valdostana
breed. Previous research comparing tie-stall and multiple-pen
housing in calves has yielded contradictory results on animal-
based indicators of welfare. Terosky et al. (1997) and Sabbioni
et al. (2005) found no effect of the housing system on haema-
tological variables in veal calves22,23. We, however, studied a
particular breed: Valdostana calves which, because of genetic
selection, could exhibit physiological differences depending on
the type of housing they are exposed to22. Since the effects of
age and diet on haematological variables are well-known, they
were not included in the design of the present study25-27.
Our study showed, for the first time, that the housing condi-
tion can significantly affect Hb and PCV levels (P = 0.03 and
P<0.01, respectively) in young calves at 20 and 40 days after
initial enclosure (T1 and T2, respectively). Moreover, Hb and
RBC indices (MCV, MCHC) differed depending upon the
housing system the calves were exposed to. While tie-stalls
confine movement and limit social contact with other cal-
ves29, multiple-pen housing can allow for more physical acti-
Table 3 - Effect of enclosure type on haematological profile in very young calves (VYC) (n = 14) at three different time points (means ±
standard deviations).
Normal Range* T0 ±SD P T1 ±SD P T2 ±SD P
RBC 106/µL 4.9-7.5
TS 7.49 1.98
ns
6.94 1.21
ns
6.56 0.49
nsMP 7.05 1.30 6.45 0.59 6.74 0.81
PCV % 24-46
TS 33.70 9.89
ns
29.08 5.85
ns
26.25 2.21
nsMP 28.75 6.43 25.25 2.79 26.33 3.63
WBC 103/µL 5.1-13.3
TS 10.16 1.36
ns
7.79 1.29
ns
7.90 1.02
nsMP 8.32 2.60 7.45 2.29 7.07 2.54
Hb g/dl 8.4-12.0
TS 11.31 3.23
ns
10.10 2.02
ns
8.88 0.79
nsMP 9.60 2.10 8.53 1.02 8.93 1.17
MCV fL 36-50
TS 44.84 2.43
<0.01
41.73 1.70
<0.01
39.98 1.22
nsMP 40.55 1.68 39.13 0.89 39.01 0.81
MCH pg 14-19
TS 15.07 0.75
<0.01
14.50 0.90
<0.01
13.51 0.48
nsMP 13.55 0.51 13.22 0.38 13.25 0.19
MCHC g/dl 38-43
TS 33.62 0.26
ns
34.75 1.63
ns
33.80 0.33
nsMP 33.42 0.39 33.77 0.52 33.95 0.31
NEU 103/µL 1.7-6.0
TS 5.90 0.21
ns
2.71 1.14
ns
2.92 0.54
nsMP 4.99 0.20 3.19 1.25 2.15 1.27
LYMP 103/µL 1.8-8.1
TS 3.40 1.59
ns
4.58 9.21
ns
4.24 0.79
nsMP 2.68 0.84 3.84 1.12 4.49 1.52
N/L 0.5
TS 2.27 1.57
ns
0.64 0.40
ns
0.71 0.19
nsMP 1.98 0.87 0.83 0.29 0.49 0.29
MP = multiple pens; TS = tie stalls.
T0 = baseline sample; T1 = after 20 days; T2 = after 40 days.
RBC = red blood cells, PCV = packed cell volume, WBC = white blood cells, Hb = haemoglobin, MCV = mean corpuscular volume, MCH = mean corpuscular
haemoglobin, MCHC = mean corpuscular haemoglobin concentration, NEU = neutrophils, LYMP = lymphocytes, N/L = neutrophils to lymphocyte ratio.
ns = not significant (p>0.05).
*Normal Range from Weiss D.J., Wardrop K.J. (2010) Schalm’s Veterinary Hematology. 6th ed. Ames, IA: Wiley-Blackwell Publishing.
Table 4 - Effect of enclosure type on salivary cortisol levels in func-
tion of calf age (mean ± standard deviation) at three different time
points (T0 = baseline sample; T1 = after 20 days; T2 = after 40 days).
Cortisol µg/dL T0±SD T1±SD T2±SD
VYC TS (n = 8) 0.14 0.07 0.14 0.06 0.18 A 0.08
VYC MP (n = 6) 0.13 0.04 0.12 0.05 0.06 B 0.02
YC TS (n = 5) 0.13 0.03 0.13 0.02 0.11 0.03
YC MP (n = 10) 0.13 0.04 0.12 0.02 0.09 0.03
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Ruminating 29.17 (22.29 to 42.05) 21.87 (20.31 to 27.08) 0.15 13.00 13.13 (9.99 to 30.11) 8.33 (6.66 to 17.19) 0.32 16.00
Feed intake 24.17 (12.71 to 25.21) 11.25 (9.16 to 18.41) 0.05 9.00 20.21 (9.58 to 25.62) 12.71 (6.77 to 15.42) 0.24 14.50
Urination 0.00 (0.00 to 0.50) 0.00 (0.00 to 1.00) 0.60 20.00 0.00 (0.00 to 0.00) 0.00 (0.00 to 1.00) 0.16 16.00
Bar biting 0.00 (0.00 to 0.50) 0.00 (0.00 to 2.50) 0.32 18.00 0.37 (0.00 to 1.00) 0.00 (0.00 to 0.75) 0.34 17.00
Bar licking 1.00 (0.00 to 2.00) 6.50 (1.50 to 12.25) 0.04 9.00 0.37 (0.06 to 2.43) 1.37 (0.00 to 2.06) 0.82 22.00
Rubbing head 0.00 (0.00 to 1.00) 0.00 (0.00 to 2.00) 0.60 21.00 0.00 (0.00 to 0.00) 0.00 (0.00 to 0.00) --
Allogrooming 0.00 (0.00 to 1.50) 0.50 (0.00 to 2.25) 0.68 21.00 1.00 (0.00 to 1.75) 0.00 (0.00 to 2.25) 0.50 18.50
Self grooming 16.00 (8.00 to 24.50) 5.00 (1.75 to 12.25) 0.13 12.50 0.62 (0.00 to 1.56) 1.62 (1.37 to 2.81) 0.08 10.50
Social sniffing 2.00 (0.37 to 2.00) 2.50 (1.00 to 3.25) 0.15 13.50 0.75 (0.56 to 3.18) 0.25 (0.00 to 0.50) 0.008 4.00
Bedding sniffing 0.00 (0.00 to 1.00) 1.00 (0.00 to 2.00) 0.33 16.00 0.00 (0.00 to 0.18) 0.00 (0.00 to 0.06) --
Bar sniffing 0.00 (0.00 to 0.00) 0.00 (0.00 to 0.00) -- 0.00 (0.00 to 0.00) 0.12 (0.00 to 0.25) 0.24 15.00
Tongue playing 0.00 (0.00 to 0.37) 0.00 (0.00 to 3.50) 0.32 18.00 0.00 (0.00 to 0.62) 0.00 (0.00 to 0.31) 0.49 19.50
Tongue rolling 0.00 (0.00 to 0.00) 1.00 (0.00 to 4.00) 0.10 12.50 0.00 (0.00 to 0.00) 0.00 (0.00 to 0.25) 0.42 20.00
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Table 5 - Effect of housing system (TS and MP) and age (YC and VYC) on posture and activity behaviours (observation over a 4 hour period)
at time T0. Data are expressed as the median plus inter-quartile range (25th and 75th percentile) (-- = not applicable). The observed postures
and the activities, rumination and feed intake behaviours were assessed as time durations and reported to the nearest minute, then expressed
as the percentage of time spent in that posture or performing that activity during the four hours of assessed observation. For the other activity
behaviours, their frequency of occurrence was expressed as the number of times during the four hour assessed recording period.
POSTURE YC TS YC MP P U VYC TS VYC MP P U
ACTIVITY YC TS YC MP P U VYC TS VYC MP P U
Sternal decubitus 26.25 (20.83 to 28.34) 28.96 (7.18 to 35.31) 0.57 20.00 26.46 (14.27 to 44.69) 17.09 (8.33 to 35.42) 0.39 17.00
Lateral decubitus 27.50 (22.09 to 35.42) 41.46 (32.19 to 50.32) 0.01 5.00 31.46 (24.38 to 60.73) 26.05 (15.94 to 29.38) 0.16 13.00
Total decubitus 78.54 (68.75 to 84.58) 67.81 (58.54 to 70.83) 0.12 12.00 61.25 (45.84 to 75.00) 52.29 (47.92 to 60.42) 0.36 16.50
Standing 47.92 (39.59 to 53.96) 30.21 (27.08 to 37.719 0.03 8.00 30.63 (12.81 to 48.13) 47.71 (39.59 to 52.09) 0.08 10.50
Vigilant resting 5.83 (2.91 to 12.71) 7.50 (5.62 to 10.84) 0.65 21.00 14.16 (5.42 to 22.50) 12.92 (10.63 to 14.80) 0.72 21.00
Lying down 4.00 (3.00 to 5.00) 4.00 (3.75 to 5.00) -- 1.25 (1.00 to 2.00) 1.00 (0.93 to 1.31) 0.27 15.50
Sleeping 25.42 (15.42 to 27.50) 35.94 (25.42 to 39.58) 0.55 20.00 16.05 (7.81 to 29.89) 18.75 (12.50 to 29.38) 0.91 23.00
Ruminating 19.16 (14.17 to 42.08) 18.13 (13.80 to 25.83) 0.49 19.00 29.58 (24.79 to 31.98) 15.42 (10.73 to 20.31) 0.01 6.00
Feed intake 23.33 (22.71 to 25.83) 16.25 (9.68 to 21.88) 0.03 8.00 27.71 (10.83 to 30.31) 11.88 (9.16 to 14.26) 0.13 12.00
Urination 0.00 (0.00 to 3.00) 0.00 (0.00 to 1.25) 0.69 22.00 1.75 (1.00 to 2.00) 1.00 (0.50 to 1.00) 0.48 18.00
Bar biting 0.00 (0.00 to 1.00) 1.50 (0.00 to 4.75) 0.15 13.50 0.00 (0.00 to 0.00) 0.00 (0.00 to 2.00) 0.16 16.00
Bar licking 6.00 (0.00 to 14.00) 8.00 (3.50 to 15.75) 0.57 20.00 0.00 (1.00 to 3.50) 0.50 (0.00 to 3.00) 0.73 21.00
Rubbing head 0.00 (0.00 to 0.00) 0.00 (0.00 to 2.00) 0.50 17.50 0.00 (0.00 to 0.00) 0.00 (0.00 to 0.00) --
Allogrooming 4.00 (1.50 to 11.00) 2.00 (0.75 to 3.25) 0.21 14.50 2.00 (0.00 to 4.75) 0.00 (0.00 to 1.25) 0.29 16.00
Self grooming 14.00 (5.50 to 22.00) 8.50 (4.75 to 13.00) 0.15 13.00 3.00 (1.00 to 7.50) 8.00 (5.00 to 10.00) 0.09 11.00
Social sniffing 6.00 (2.50 to 11.00) 2.50 (1.50 to 7.75) 0.39 17.50 2.00 (0.50 to 7.50) 4.50 (1.75 to  7.00) 0.65 20.00
Bedding sniffing 0.00 (0.00 to 2.00) 2.50 (1.00 to 4.25) 0.05 9.00 0.00 (0.00 to 0.75) 0.00 (0.00 to 1.25) 0.93 22.00
Bar sniffing 0.00 (0.00 to 0.00) 0.00 (0.00 to 0.00) -- 0.00 (0.00 to 0.00) 0.00 (0.00 to 0.25) --
Tongue playing 3.50 (1.00 to 4.00) 1.50 (0.0 to 5.00) 0.51 19.50 0.00 (0.00 to 4.25) 0.00 (0.00 to 0.50) 0.41 18.00
Tongue rolling 0.00 (0.00 to 1.00) 2.50 (0.00 to 4.00) 0.07 10.00 0.00 (0.00 to 3.25) 0.00 (0.00 to 0.00) 0.20 15.00
Table 6 - Effect of housing system (TS and MP) and age (YC and VYC) on posture and activity behaviours (observation over a 4 hour period)
at time T1. Data are expressed as the median plus inter-quartile range (25th and 75th percentile) (-- = not applicable). The observed postures
and the activities, rumination and feed intake behaviours were assessed as time durations and reported to the nearest minute, then expressed
as the percentage of time spent in that posture or performing that activity during the four hours of assessed observation. For the other activity
behaviours, their frequency of occurrence was expressed as the number of times during the four hour assessed recording period.
POSTURE YC TS YC MP P U VYC TS VYC MP P U
ACTIVITY YC TS YC MP P U VYC TS VYC MP P U
Sternal decubitus 20.83 (16.67 to 17.29) 22.50 (17.29 to 34.17) 0.42 18.00 22.50 (11.15 to 67.81) 41.67 (34.38 to 50.21) 0.43 17.50
Lateral decubitus 38.33 (31.25 to 42.71) 40.84 (35.21 to 46.67) 0.38 17.50 40.00 (20.10 to 55.84) 22.50 (17.08 to 28.75) 0.15 12.50
Total decubitus 61.67 (57.29 to 68.75) 59.17 853.34 to 64.80) 0.38 17.50 53.75 (44.17 to 79.90) 77.50 (71.25 to 82.92) 0.11 11.50
Standing 43.33 (40.83 to 47.50) 33.96 (22.50 to 41.25) 0.03 8.00 28.33 (4.27 to 31.57) 34.58 (28.54 to 40.42) 0.05 9.00
Vigilant resting 17.50 (14.17 to 18.75) 4.37 (2.08 to 6.87) 0.007 0.00 12.92 (4.89 to 16.46) 13.34 (7.08 to 14.58) 0.92 23.00
Lying down 4.00 (2.50 to 5.00) 3.50 (2.00 to 4.00) 0.54 19.50 2.00 (2.00 to 2.00) 3.50 (1.75 to 4.25) 0.16 13.50
Sleeping 14.17 (0.83 to 22.50) 26.04 (21.14 to 32.19) 0.07 10.50 4.16 (0.00 to 36.46) 42.29 (37.39 to 48.65) 0.05 9.00
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vity. Indeed, exercise has been shown to modify haematolo-
gical profiles (increase in total leukocyte count, haemoglo-
bin, erythrocytes, and packed cell volume) in horses, with an
increase in MCV and a decrease in MCHC28.
Though the nutritional plans were balanced and forage was
given ad libitum, Hb values were lower in the TS-housed YC
at both 20 and 40 days (T1 and T2). Decreased appetite has
been reported in calves with haemoglobin levels less than 7.0
g/dL7. In this group of young calves, however, lower values of
food-intake behaviour were observed (18% vs. 23%; P =
0.02), even though the haemoglobin level was 8.9 g/dL, whi-
ch is higher than the 7.25 g/dL required by Council Directi-
ve 2008/119/EC (18 December 2008). We observed no chan-
ges in blood variables in the VYC enclosed before 40 days of
age or differences in haematological patterns with respect to
housing condition. This may have been due to the younger
age of the animals: they spent 42% of their time sleeping
even though the MP system allowed them more room to mo-
ve around. No differences in the N:L ratio, WBC or neu-
trophil count were recorded in either the YC or VYC at T2.
Since T2 was the first time point at which differences in cor-
tisol levels were found, this effect on WBC count may be ex-
plained by the fact that the N:L ratio increases more slowly
than circulating cortisol concentrations8.
Cortisol concentrations have been used as stress indicators in
calves27,30,31. Because cortisol is a potent glucocorticoid, its
immunosuppressive effects may serve as physiological
downregulators of initiated immune responses32. Differences
in posture and activity behaviour between the two housing
conditions can be identified when we take cortisol as the pri-
me stress indicator and evaluate the behavioural phenomena
of the VYC in relation to the higher cortisol values recorded
in the TS-housed calves. The TS-housed VYC spent more ti-
me in vigilant resting (16% vs. 13%; P = 0.02) and tended to
spend less time sleeping (P = 0.06). They also exhibited mo-
re ruminant activity (29% vs.15%; P = 0.02). The reason why
they spent less time sleeping is probably because the collar
kept the head in an uncomfortable posture for sleeping. In
contrast, the MP-housed VYC tended to spend more time
sleeping (42% vs. 14%; P = 0.06) perhaps because of the
reassuring environment.
Maintaining age-related biorhythms is fundamental for basic
physiological functions. Just as for humans, so too for ani-
mals, adequate sleep is key to health and well-being, particu-
larly during growth and development33. Sleep regulates the
secretion of several essential hormones, including growth
hormone and glucocorticoids34. Cortisol secretion is inhibi-
ted during certain sleep stages35. Sleep also has modest, but
clearly detectable, modulatory effects on hypothalamic-pi-
tuitary-adrenal axis activity. Sleep onset exerts an inhibitory
effect on cortisol secretion, while awakenings and sleep off-
set are accompanied by cortisol stimulation36. The total time
spent sleeping was reduced in the TS-housed VYC probably
because the enclosure system disrupted their sleeping beha-
viour. Management practices should interfere as little as pos-
sible with normal circadian patterns37.
We observed higher cortisol concentrations at T2 in the TS-
housed VYC than in the MP-housed VYC. Such differences
Ruminating 30.42 (13.75 to 36.67) 19.17 (15.00 to 35.83) 0.68 21.00 29.17 (25.46 to 2.08) 15.42 (10.21 to 21.46) 0.02 6.00
Feed intake 18.12 (5.21 to 21.04) 23.33 (21.67 to 25.83) 0.02 6.00 2.97 (2.35 to 4.33) 2.97 (2.29 to 3.70) 0.95 23.00
Urination 0.25 (0.00 to 0.38) 0.00 (0.00 to 0.75) 0.86 23.50 0.50 (0.00 to 1.00) 0.50 (0.00 to 1.00) 0.85 22.50
Bar biting 1.00 (0.00 to 3.00) 0.00 (0.00 to 1.00) 0.25 15.00 0.00 (0.00 to 0.00) 0.00 (0.00 to 3.00) --
Bar licking 10.00 (5.00 to 17.00) 6.00 (0.50 to 14.00) 0.51 19.50 1.00 (0.00 to 2.50) 0.50 (0.00 to 4.00) 0.81 22.00
Rubbing head 0.00 (0.00 to 0.50) 2.00 (0.50 to 3.00) 0.03 7.00 0.00 (0.00 to 0.00) 0.00 (0.00 to 0.50) 0.95 23.00
Allogrooming 2.50 (0.50 to 5.00) 4.00 (2.00 to 11.00) 0.20 14.00 0.50 (0.00 to 1.50) 0.00 (0.00 to 0.50) 0.57 19.00
Self grooming 4.00 (2.00 to 12.00) 14.00 (5.50 to 22.00) 0.13 12.50 2.00 (1.00 to 5.00) 8.00 (5.00 to 10.00) 0.008 4.00
Social sniffing 2.00 (0.00 to 4.00) 0.00 (0.00 to 0.50) 0.08 10.00 0.00 (0.00 to 0.00) 0.00 (0.00 to 0.50) 0.95 23.50
Bedding sniffing 2.00 (0.50 to 8.50) 6.00 (2.00 to 11.00) 0.44 18.00 0.00 (0.00 to 1.00) 4.50 (1.50 to 7.00) 0.008 4.50
Bar sniffing 0.00 (0.00 to 2.00) 1.00 (0.00 to 2.00) 0.68 21.00 0.00 (0.00 to 0.50) 0.00 (0.00 to 1.50) 0.85 22.00
Tongue playing 0.50 (0.00 to 1.50) 1.00 (0.00 to 4.00) 0.51 19.50 0.00 (0.00 to 0.50) 0.00 (0.00 to 1.00) 0.85 22.50
Tongue rolling 1.50 (0.00 to 3.50) 0.00 (0.00 to 1.50) 0.21 14.50 0.00 (0.00 to 0.00) 0.00 (0.00 to 0.00) --
Table 7 - Effect of housing system (TS and MP) and age (YC and VYC) on posture and activity behaviours (observation over a 4 hour period)
at time T2. Data are expressed as the median plus inter-quartile range (25th and 75th percentile) (-- = not applicable). The observed postures
and the activities, rumination and feed intake behaviours were assessed as time durations and reported to the nearest minute, then expressed
as the percentage of time spent in that posture or performing that activity during the four hours of assessed observation. For the other activity
behaviours, their frequency of occurrence was expressed as the number of times during the four hour assessed recording period.
POSTURE YC TS YC MP P U VYC TS VYC MP P U
ACTIVITY YC TS YC MP P U VYC TS VYC MP P U
Sternal decubitus 36.04 (32.29 to 46.67) 40.83 (33.33 to 47.08) 0.59 20.50 33.13 (30.83 to 36.88) 34.58 (26.25 to 41.67) 0.66 20.00
Lateral decubitus 17.08 (9.17 to 33.33) 20.83 (16.25 to 21.67) 0.59 20.50 33.75 (19.79 to 43.96) 41.67 (33.33 to 51.25) 0.28 15.50
Total decubitus 61.25 (45.42 to 71.04) 61.67 (49.58 to 68.75) 0.95 24.00 66.88 (58.96 to 74.79) 77.50 (67.92 to 83.33) 0.10 13.00
Standing 38.75 (28.96 to 54.58) 38.33 (31.25 to 50.42) 0.95 24.00 33.13 (25.21 to 41.04) 22.50 (16.67 to 32.08) 0.18 13.00
Vigilant resting 4.36 (0.83 to 7.50) 14.17 (13.33 to 18.75) 0.001 1.00 16.25 (14.48 to 17.29) 13.33 (5.83 to 14.58) 0.02 6.00
Lying down 3.00 (2.00 to 4.00) 4.00 (1.50 to 5.00) 0.77 22.50 2.00 (1.50 to 3.00) 3.50 (1.50 to 4.50) 0.35 16.00
Sleeping 26.04 (13.33 to 32.71) 14.17 (2.92 to 22.50) 0.16 13.50 13.54 (8.33 to 27.92) 42.29 (36.46 to 50.63) 0.06 9.00
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could stem from the reduced ability of calves enclosed at a
very young age to cope with the emotional and environmen-
tal stress caused especially by isolation4. The TS-housed VYC
were noted to spend more time in vigilant resting and exhibit
more ruminant activity (70% vs. 37%; P = 0.02). In calves, the
total time spent ruminating is inversely proportional to that
spent sleeping, and the amount of time gradually shifts from
one activity to the other as the animals grow38. The MP-hou-
sed VYC also spent more time bed sniffing (0 vs. 4.5; P =
0.008). Enclosing calves in pens modifies the amount of spa-
ce allowed each calf, and bed sniffing could contribute to in-
dividual recognition. In their natural environment, calves
exhibit “crèche behaviour” beginning at 3 weeks of age, i.e.,
they spend the majority of their time with other calves; befo-
re that age, however, the number of calf-calf social interac-
tions is usually limited39. Sniffing is primarily an exploratory
behaviour exhibited in response to novel environments40 and
it can be altered when the space allowed per calf is limited by
the size of the enclosure. Moreover, the tendency for calves in
wider stalls or pens to conduct more self-grooming is proba-
bly a result of their being able to self-groom while in a more
comfortable postural position20. Excessive self-licking, howe-
ver, can also be interpreted as a response to deprivation situa-
tions or frustration, such as lack of roughage sources or hou-
sing in tie-stalls3. The higher frequency of this behaviour we
observed in the MP-housed calves, especially those enclosed
at a very young age (8 vs. 2 times/4 h; P = 0.008), may not be
a real increase but rather should be put in relation to the
lower frequency of this behaviour in the TS-housed calves
due to deprivation of free movement. The differences in so-
me posture and activity behaviours seen in the VYC were not
observed in the YC, i.e., animals first enclosed at an older age.
This difference might reflect the better ability of the older cal-
ves to cope with their environment, and it could also explain
why we observed no difference in cortisol concentrations
between the TS- and the MP-housed YC. While there were no
differences in time spent sleeping, the time spent in vigilant
resting was greater in the MP-housed calves (4% vs. 14%) and
in feeding-intake behaviour, as described above. The YC spent
more time at the feeding trough during the observation pe-
riod: the MP-housed calves spent more time in feed-intake
behaviour. This might have been a sign of the better welfare
conditions they were exposed to, but only when the age at en-
closure was started later. Of note is that reducing the feeder
space to animal ratio can increase the effort to obtain feed
and competition to access feed41.
An increase in behaviours related to space allowance and so-
cial contact was also observed in the YC. The MP-housed YC
exhibited head rubbing against stall structures more often (2
vs. 0 times/4h; P = 0.03), which may have been partly related
to the greater amount of space available in the pens. Confi-
nement housing reduces the expression of highly active mo-
vements in calves, like head rubbing against stall structures.
No fighting behaviour, one of the major concerns of bree-
ders, was seen, probably because the calves were too young to
show aggressive behaviours. Possible aggressiveness manife-
stations appear later with growth and puberty39. We observed
no differences in the expression of oral stereotyped beha-
viours, like bar biting and licking and tongue playing and
rolling, between the TS- and the MP-housed calves in either
age group. Stereotypical behaviours have gained particular
interest as welfare indicators in farm animals. These beha-
viours are also influenced by calf age and the weaning pro-
cess. Seo et al. (1998) observed tongue playing in calves after
forced weaning at 42 days of age40. We also noted this beha-
viour especially in the VYC, albeit at a low frequency.
CONCLUSIONS
Our findings should be interpreted in a specific traditional
context, concerning a minor breed selected for fighting abi-
lity, like the Valdostana. Local and rural breeds have well-
known peculiar fighting abilities (agonistic interactions ge-
nerating a within-group hierarchy of social dominance) that
are not taken into account by legislation. We found that the
type of enclosure for housing calves can affect haematologi-
cal profiles, cortisol concentrations, and behaviours. A mul-
tidisciplinary approach to evaluating animal welfare was
more effective than assessment investigating a single para-
meter. Indeed, no one variable alone was able to describe the
stressful condition. When calves are tethered at a very young
age, they can experience difficulty in coping with their envi-
ronment, even after 40 days of enclosure. They sleep less and
spend more time in vigilant resting and less time in other ac-
tivities such as self-grooming and bedding sniffing. This
could result in higher cortisol concentrations that influence
immune response over time. While no differences in cortisol
concentrations were seen in the calves enclosed at older ages,
marked differences in haematological profiles were observed
between TS-housed and MP-housed calves. Moreover, we
observed less feed-intake behaviour in the TS-housed calves,
although the haemoglobin levels remained higher than the
recommended minimum of 7.25 g/dL.
Based on these results, however, the hypothesis that MP hou-
sing could create stressful conditions in a breed selected for
fighting behaviour was not confirmed, but at the same time,
do not clearly demonstrate more stressful conditions related
to TS. The socioeconomic implications of the transition to a
different housing system need to be studied in geographical
areas with natural constraints, such as mountainous regions
where local breeds are frequently reared, because our results
reflect only the management of Valdostana in wintertime.
Collecting and analysing animal welfare data on minor local
breeds, farmed mainly with extensive mountain grazing
from spring to autumn, are key to maintaining the biodiver-
sity and breeding of local breeds.
LIST OF ABBREVIATIONS
TS = tie-stall
MP = multiple pen
VYC =very young calves (<40 days)
YC = young calves (>40 and<80 days)
T0 = baseline sample
T1 = at 20 days 
T2 = at 40 days
Hb = haemoglobin (g/dl)
PCV = packed cell volume (%)
MCHC = mean corpuscular haemoglobin concentration (%)
MCH = mean corpuscular haemoglobin (pg)
MCV = mean corpuscular volume (fl)
HPA = Hypothalamic-Pituitary-Adrenal axis
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in collaborazione con
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che rimane comunque suscettibile di variazioni dovute a cause di forza maggiore.
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